In order to solve the problem that the low speed and driving fatigue of mine trucks caused by its poor buffer and damping of the suspension, the hydro-pneumatic independent suspension is adopted instead of the traditional leaf spring dependent suspension for the mine truck in this paper. On this basis, the mathematical model of the hydro-pneumatic spring is established; subsequently the kinetic models of the suspension are built in MATLAB/Simulink; then the comfort tests of the suspension for the leaf spring and hydro-pneumatic spring successively; The results show that the hydro-pneumatic spring can improve the comfort of the mine truck compared to the leaf spring, consequently enhances the truck speed and alleviates the driving fatigue.
. In domestic, the introduction to the principle and the simulation analysis of the hydro-pneumatic spring are mainly performed, but many researches are qualitative not quantitative, so a systematic and basic research on this spring is scarce but necessary. Hydro-pneumatic spring is regarded as one of the ideal suspension systems, researching whose nonlinear mechanics characteristics has a significant impact on the analysis and optimization for the comfort of vehicles.
THE CHARACTERISTICS ANALYSIS OF THE HYDRO-PNEUMATIC SPRING
In the travel process for mine truck, the main factors which influence the comfort index of the front suspension are stiffness and damping of the hydro-pneumatic spring, therefore researching the stiffness and damping characteristics is needed.
_________________________________________

Stiffness characteristic of the hydro-pneumatic spring.
When the main truck is fully loaded, the partial frequency of the front suspension is required to be 1.50~2.10Hz. Taking the engine displacement effects on the partial frequency into consideration, the partial frequency of the front suspension is elected 2Hz, and the self-exciting frequency of the hydro-pneumatic spring is elected 1.8Hz.when the mine truck is in the fully loaded equilibrium position. Other parameters are shown in table 1. When the mine truck is in the fully loaded equilibrium position, the absolute pressure of the hydro-pneumatic spring is 0 0.098
In equation (1), s F is the load force exerted on the single hydro-pneumatic spring, N.
According to the frequency characteristic equation:
The initial gas reduced height (m) is derived as equation (3) 
When the piston is in a static equilibrium position, the mechanics equations are as follows:
The relationship between the main piston displacement z and the float piston displacement z is
According to the thermodynamic state equation of the gas chamber:
when the suspension vibrates gently, the state variation of the gas can be seen as a process with constant temperature, then r=1.0；When the suspension vibrates sharply, the state variation of the gas can be seen as a process with thermal isolation, then r=1.3.
From equation (5) and (6), equation (7) can be derived as:
Then ( )
Equation (8) denotes the static load characteristic of the hydro-pneumatic spring, the derivative of s F with respect to z means stiffness coefficient of the hydro-
From equation (9), the relationship between the stiffness s K of the hydropneumatic spring and the main piston displacement z can be shown in figure 2. Figure 2 illustrates that the relationship between s K and z (namely the dynamic deflection of the suspension) is nonlinear, and that the stiffness in the compression stroke is lower than that in the extension stroke, which can satisfy the cushion requirement when the mine truck is driven to the rough road. Damping characteristic of the hydro-pneumatic spring.
When during the actual operation of the mine truck, the piston of the hydropneumatic spring works at a lower frequency section and the lubrication between piston and cylinder is favorable, so the stiffness of the spring mainly comes from the check valve and the damping hole.
Under the condition that the orifice is a thin wall hole, the damping fore of the hydro-pneumatic spring in the extension stroke and compression stroke can be expressed as equation (10)
In the equation (10) 
The derivative of c F with respect to x denotes the stiffness coefficient s C of the hydro-pneumatic spring 
From equation (12), the relationship between s C and x can be plot in figure 3 . Figure 3 indicates that the relationship between s C and x is nonlinear, and the slope of the s C in the extension stroke exceed that in the compression stroke, which means the increasing rate of the stiffness in the extension stroke is much greater, satisfying the vibration damped requirements when the mine truck is driven off the rough road.
THE ESTABLISHMENT OF 1/4 SUSPENSION DYNAMIC MODEL
According to the actual operation of the mine truck, the following hypotheses are proposed when the two degrees of freedom dynamic model for the 1/4 front independent suspension is built: vertical vibration is considered only； nonlinear factors are neglect；mine truck is driven at a constant speed，and tires keep contact with the road all along; The front and the real mass of the body keep independent with each other.
The built dynamic model is illustrated in figure 3 , which contains two degrees of freedom, namely the vertical movement of suspended mass and unsuspended mass. In the figure 3, Z s and Z w denote the vertical displacement of the suspended mass and the unsuspended mass separately (upwards vertical movement is positive); K s and C s denote the stiffness and damping of the hydro-pneumatic spring respectively; m s is suspended mass; m w is unsuspended mass; Kw is the stiffness of the tire; Z r is the road displacement input (upwards vertical movement is positive). 
COMFORT INDEX SIMULATION OF HYDRO-PNEUMATIC SPRING AND LEAF SPRING
In order to compare the influences on the comfort index of the mine truck from the hydro-pneumatic spring and leaf spring, these two kinds of dynamical models are established in MATLAB/Simulink. On account of the nonlinear performance of the hydro-pneumatic spring, its stiffness and damping are determined from the equations (9) and (12), while those of the leaf spring are constants and the parameters are from the manufacturer of the reference truck.
D level road is chosen as the road excitation input, then the simulation result of the influence on the comfort index of the mine truck are yielded as figure 4 ~6, and the comfort index values are collected in table 3. The above simulation result indicates that when the D level road excitation is exerted to the model, the hydro-pneumatic spring can make the body vertical acceleration reduce 29.4%, suspension dynamic reflection reduce 27.9%, tire relative dynamic load reduce 29.3% which can largely improve the suspension performance, thus enhance the ride comfort of the mine truck.
CONCLUSION
Nonlinear hydro-pneumatic spring can make the comfort evaluation indexes of the independent suspension significantly decrease compared to the leaf spring whose stiffness and damping are constant, thus the suspension performance is enhanced substantially.
